L ong QT syndrome patients are at high risk of malignant ventricular arrhythmia and sudden death.' Also, in myocardial infarction patients and patients who had diagnostic 24-hour electrocardiography,2'3 an association of heart-rate-adjusted QT- interval (QTj) with sudden death has been observed, although not in all studies. 4 This elevated risk has been attributed to the predominance of left sympathetic nerve activity5-7 or myocardial membrane defects8 '9 leading to electrical instability in situations of high sympathetic activity.
Whether QTc prolongation predicts coronary heart disease mortality in healthy people remains to be clarified. Recently, two studies in the general population came to contradictory conclusions. In the Framingham Heart Study10 no significant associations with mortality were observed, whereas in the Dutch Civil Servants Study" men and women with QT, prolongation had about a twofold risk of coronary heart disease death. In the present study we investigated the predictive value of QT, for 25-year coronary heart disease morbidity and mortality in a prospective cohort study of middle-aged men from the general population. Because QT-interval duration gradually increases with age'2 and autonomic function alters as well,.3 the same associations were evaluated in a 5-year follow-up of a cohort of elderly men.
Methods

Study Population
From 1960 on, the Zutphen Study, a prospective study on coronary heart disease, has been carried out in the frame of the Seven Countries Study. ' 1960, 1965, 1970, 1985, and 1990 (1) when it was documented that death occurred within 2 hours after onset of typical symptoms, and no other causes of death were known or (2) in subjects with a history of heart disease when mors subita was notified by the physician or death occurred unwitnessed (within 12 hours after men had been observed to be well).
Data Analysis
QT intervals were adjusted for heart rate according to Bazett's formula. 23 Means of three consecutive QTC were calculated from leads V2 and V6 and either lead I, II, or III. The greatest from these was used for the analyses.
Subjects were categorized into three groups: short, intermediate, and long QT,, with cutoff points of 385 and 420 Ms1'2,
respectively. The first cutoff point separates the lowest tertile in 1960 and the lowest quartile in 1985. To have a sufficient number of middle-aged men in the upper category, the second cutoff point was 420 ms'2 instead of 440 ms"/2, which is the usual criterion for definitely prolonged QT,.
The predictive value of QTC for the incidence of a first myocardial infarction, coronary heart disease mortality, and sudden death was analyzed using Cox proportional-hazards models. Rate ratios for three partly overlapping, 15-year periods were estimated using 1960, 1965, and 1970 as baseline, respectively. To have full profit of the repeated measurements, in the middle-aged population a time-dependent Cox model was fitted. The resulting coefficients are to be interpreted as short-term (5-year) rate ratios.2425 In all regression analyses, age was included to adjust for confounding. The effect of all other possible confounders (systolic blood pressure, serum total cholesterol, body mass index, and the product of number of cigarettes and years of smoking) was checked by including them simultaneously in multivariate models.
Analyses were repeated after exclusion of subjects with angina pectoris or with electrocardiographic signs of heart disease (Minnesota codes 1.1, 1.2, 3.1, 3.2, 4.1, 4.2, 5.1, 5.2, and 7.1 through 7.4) to study the possibility that observed associations are a consequence of detectable prevalent heart disease (men with prevalent myocardial infarction were excluded from the beginning).
Proportional-hazards assumptions were verified by inspection of log-log survival curves. All data analyses were performed on a VAX computer with SAS software. 26 
Results
The Figure This was similar in the other follow-up examinations. The cumulative incidences of myocardial infarction, coronary heart disease mortality, and sudden death were all higher in the intermediate-QT, and highest in the long-QT, category (Table 1) . Men who had a first myocardial infarction in the period from 1960 to 1975 had a mean QTc in 1960 of 399±20 ms1/2; men who died of coronary heart disease, 404±20 ms"'2; and men who died suddenly, 401±21 ms"/2. In the remaining group, mean QT, was 394+23 ms1"2, which was significantly different from the other categories. of myocardial infarction incidence and coronary heart disease mortality for this more extreme category were 2.8 (95% confidence interval, 1.0 to 7.5) and 5.0 (1.4 to 18.0), respectively. In 1985 one third of all subjects had angina pectoris or electrocardiographic signs of heart disease. Their mean QT, was 425+±39 ms"2, which was significantly different from the other men (402±30 Ms"12). After these subjects were excluded, the relative rates of myocardial infarction, coronary heart disease death, and sudden death in the long-QT, category (25% of the remaining men) were even higher.
Discussion
In this prospective cohort study in the general population, men with QTc of 420 ms1"2 or more had an elevated risk for myocardial infarction and even more so for coronary heart disease mortality and sudden death. The association could not be attributed to subjects with signs of prevalent heart disease and was independent of other risk factors for coronary heart disease. The study, being an observational epidemiological investigation, is subject to a number of potential errors. Error may have occurred in the measurement of QT interval length. The measurements were performed by only one observer who was blinded for the outcome. Therefore, bias because of differential error in QT measurement and interobserver differences is impossible.
We did not follow the recommendation of Campbell et a127 to measure QT interval in all available leads. To limit the number of QT intervals to be measured, in the present study leads I, II, or III, lead V2, and lead V6 were selected. The axes of these leads are nearly orthogonal, optimizing the ability to detect electrical activity in any direction.
The end of the T wave was defined as the point of maximal change in the slope of the curve as it merges with the baseline. In previous studies the end point has often been defined as the point at which the T wave merges with the electrical baseline. However, especially in the chest leads, U waves often obscure the end of the T. As a consequence, the intervals measured in the present study may be slightly shorter, but precision will be greater.
Misclassification of the study end points is another possible source of bias. Information on morbidity and mortality from specialists and family practitioners was thoroughly checked and evaluated by physicians who were not aware of the present hypothesis. The ascertainment of sudden death was especially prone to misclassification because sudden death was not an item of interest in the Zutphen Study before, and detailed information on time between the first occurrence of symptoms and death was not systematically obtained. Because there is no reason to suspect the presence of differential error in the assessment of exposure or end points, information bias is not a likely explanation for the observed findings.
The use of certain drugs that affect the length of the QT interval could cause bias. Unfortunately, information about drug use was not available before 1985. However, drugs that may influence QT interval length were not frequently prescribed in the 1960s. Therefore, we do not expect a substantial drug effect on the observed QT interval for the periods from 1960 to 1970. In the elderly population, exclusion of men using antiarrhythmics, P-blocking agents, or diuretics did not change the associations.
Because men with angina pectoris or electrocardiographic signs of heart disease had longer QT,, it may be questioned whether the observed associations resulted from prevalent heart disease. However, exclusion of these men or of men with large increases of QTc between the consecutive measurements did not weaken the relative rates. Still, the possibility of subclinical heart disease underlying QT, prolongation cannot be completely ruled out. The presently reported results confirm previous findings from our group by Schouten et al. 11 In a study of Table 1 It has been suggested that determination of QT dispersion among the leads may be more informative than QT length per se.29 Therefore, we also checked the greatest difference between any two leads and the differences between specific leads. Indeed, subjects who had more than a 40-millisecond difference between any lead had a higher risk of coronary heart disease mortality, but these associations were weaker and less consistent than the associations with QT, length. No association was observed with myocardial infarction incidence.
The predictive value of prolonged QTc for sudden death and coronary heart disease death can be explained by ventricular electrical instability, particularly in the presence of high sympathetic activity. Such instability is hypothesized to result from left sympathetic predominance, accompanied by dispersion of repolarization5-7 or from myocardial membrane properties that give rise to early afterdepolarizations. It could be speculated that such a change of autonomic balance contributes to the age-related prolongation of QTc.
If our finding is confirmed, it may be of importance with regard to preventive strategies, because the balance between sympathetic and parasympathetic activity can be improved by physical activity35 and cessation of smoking.36
In conclusion, QT, prolongation predicts coronary heart disease and sudden death in apparently healthy men. Because QT interval length is easily determined, it may contribute to cardiovascular risk stratification. In addition, subjects with prolonged QT, may especially benefit from preventive measures that affect autonomic balance.
